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USING THE METHOD OF SEPARATION AND' IDENTIFICATION OF 

AMINO ACIDS TO DETECT EXTRATERRESTRIAL LIFE 

G. A. ~ a v r e n t ' y e v  

Moscow 

ABSTRACT. A method i s  developed f o r  separa t ing 
amino ac ids  from s o i l s  on the  Ear th  and f o r  analyzing 
them. The development of an  automatic system which 
would allow amino ac ids  i n  s o i l  samples from o ther  
p lane t s ,  t o  be  analyzed by automatic space s t a t i o n s ,  
i r  proposed. 

Space research has reached t h e  s t a g e  where it is poss ib le  t o  study 

organic mate r i a l  i n  o the r  p lane t s  wi th  t h e  a i d  of automatic s t a t i o n s ,  The 

g r e a t e s t  i n t e r e s t  is  pr imar i ly  i n  biological ly-important  compounds such as 

p ro te ins ,  n u c l e i c  ac ids  and t h e i r  der ivat ives .  Their  discovery on other 

plane t s  would i n d i c a t e  t h e  poss ib le  exis tence  of c e r t a i n  forms of l i f e  there, 

I n  searching f o r  these  compounds, exobiology could use t h e  advancements 

of biogeochemistry, which is occupied wi th  studying organic b io logical lg-  

important compounds i n  Ear th  s o i l s  and sediments. The experience accmula ted  

by biogeochemisty and methods it has developed have a l ready been used success-- 

f u l l y  i n  analyzing organic material from meteor i tes  [15, 20, e t c . ]  and lunar 

samples i n  t h e  Apollo program [11, 112, 211: 

Numbers i n  t h e  margin i n d i c a t e  pagination i n  t h e  o r i g i n a l  fore ign t e s t ,  



Of t h e  many methods of analyzing s o i l  samples, only a few do not r equ i re  

prel iminary treatment of t h e  samples (microbiological methods, pyrolys is  with 

subsequent analys is  on t h e  gas chromatograph, and severa l  o the r s ) .  The major- 

i t y  of these  a n a l y t i c a l  methods demand c e r t a i n  preparat ions be  made before 

analys is .  This r e l a t e s  e spec ia l ly  t o  analyzing biologically-important cmgounds, 

p a r t i c u l a r l y ,  t o  amino acids ,  which w e  s h a l l  d iscuss  l a t e r .  

To analyze s o i l  samples from o ther  p lane t s  wi th  t h e  a i d  of spacecra f t ,  

i t  is  necessary t o  c r e a t e  s p e c i a l  automatic con t ro l  systems which prepare the 

s m p l e s  f o r  analys is  and perform t h e  analyzing i t s e l f  according t o  a set  f i  
program. Therefore, t h e  a i m  of t h i s  work is  t o  develop a method f o r  separating 

amino ac ids  from Earth objects  and' subsequently analyzing them, aimed a t  

ob jec t s  depleted of organic matter .  On t h e  b a s i s  of t h i s  method, t h e  creation 

of an automatic ana lys i s  system i s  suggested. 

As is known,'there a r e  comparatively few f r e e  amino acids  i n  the s o i l ,  

They are mainly found i n  a bound s t a t e :  e i t h e r  they form groups with h 

acids  [4, 5, 7,  9 ,  14, 19, 24, 25, 26, 27, 34, 371, o r  a r e  members of mineral- 

organic complexes [ I ,  2, 3,  22 e t c . ] ,  o r  a r e  found i n  i n t r a c e l l u l a r  material 

of s o i l  micro-organisms. A s  a r e s u l t ,  many d i f f i c u l t i e s  arise i n  extracting; 

amino acids  from s o i l s ,  Even t h e  bes t  methods of ex t rac t ing  amino acids  do 

not  e x t r a c t  more than 1% of t h e  amount of amino acids  produced a f t e r  hydrolys is  

[28]. Therefore, ac id  hydrolysis  is  used for.maximm e x t r a c t i o n  of amino acids 

from s o i l s  [ & H &CQ , 105' C, 24 hours]. But even i n  t h i s  case,  a t r a c e i o n  

of amino acids  is not  always complete [27, 32, 331 because of t h e  fornation of 

s t rong bonds between t h e  amino acids  and polyvalent meta ls ,  which a r e  compo- 

nents  of mineral  clays. These bonds a r e  broken down by preliminary processing 

of t h e  s o i l ,  by d i l u t e d  f l u o r i c  ac id  [31, 32, 33 etc.] o r  by t h e  use  of 

subsequent ac id  o r  a l k a l i  hydrolys is  1291. 

The s tudy of  organic ni trogenous s o i l  compounds, p a r t i c u l a r l y  &no acids, 

w a s  t h e  sub jec t  s f  a survey recen t ly  published by Bremner 161, Prom the  

l a t e s t  works on analyzing amino acids  i n  s o i l s  and sediments, w e  must note & 



works [7 ,  10,  16, 17, 18, 28, 29, 30, 31, 32, 33, 35, 36, 391, analyzed i n  

d e t a i l  i n  t h e  recent  survey [38]. 

The ob jec t s  of research i n  developing a method of separa t ing amino acids 

from s o i l s  were: black e a r t h  from t h e  Kiev region; s o i l ,  depleted of organic 

mat te r  - green-blue barren  s o i l  from t h e  Kapet-Dag mountains - and r i v e r  

sand, f i r e d  a t  900° C f o r  f i v e  hours. The microbiological  population of t h e  
5' barren s o i l  was Q, 5-10 pe r  gram of air-dry s o i l ;  f o r  black e a r t h  i t  w a s  

approximately two orders of magnitude more. 

Used i n  t h e  work were core columns I (18 x 3 cm) and 11 (7 x 2 @ni) with 

cation-exchange r e s i n  Dowex 50w x 4 (100 - 200 mesh) i n  hydrogen form and 

anion-exchange r e s i n  Dowex 1 (200 - 400 mesh) i n  OH- form, respect ively ,  

Dowex r e s i n  50w x 4 was twice p re l iminar i ly  washed wi th  a 2N so lu t ion  sf 

NaOH, with water ,  and wi th  a 4N s o l u t i o n  of hydrochloric ac id ,  a f t e r  which i t  

w a s  equ i l ib ra ted  by a c i d i f i e d  water ,  pH 1.5. Dowex r e s i n  I w a s  washed twice 

with lN s o l u t i o n  of hydrochloric ac id ,  water ,  IN s o l u t i o n  of NaOH, and then 

it w a s  equ i l ib ra ted  wi th  a 2N s o l u t i o n  of MH OH. 
4 

Ten grams of s o i l ,  crushed t o  a powder i n  a porcela in  mortar ,  were flooded 

wi th  50 m l  of 8N hydrochloric acid.  To prevent des t ruc t ion  of t h e  amino acids 

from t h e  e f f e c t  of atmospheric oxygen, a bulb wi th  t h e  contents  was pmped 

out by a water jet  pump. Hydrolysis of t h e  s o i l  was then c a r r i e d  out at 

105 - 110' C f o r  24 hours. 

Af te r  t h e  hydrolysate was f i l t e r e d  through a g l a s s  f i l t e r  G - 3 

under pressure ,  t h e  res idue  i n  t h e  f i l t e r  was washed with 8N HC1 u n t i l  the  

yellow co lo r  disappeared i n  t h e  f i l e r a t e .  Then, t h e  hydrolysate was stemed 

dry on a r o t a r y  evaporator  a t  50 - 60' C. The res idue  was dissolved in dis- 

t z l l e d  water ,  t h e  s o l u t i o n  reduced t o  pH 1.5, f i l t e r e d  through a g lass  filter 

G - 4 and fed  t o  column 1. Afte r  t h e  f i l t e r e d  so lu t ion  passed through the 

column, t h e  r e s i n  was washed by d i s t i l l e d  water  u n t i l  e x t i n c t i o n  of 

&/A -P 21Smp, w a s  no t  less than 0.02 - 0.03 of t h e  o p t i c a l  u n i t .  The 



e l u t i o n  was conducted by a 2N s o l u t i o n  of NH40H, which desorbs amino ac ids ,  
+ +I- +I- 

but  inorganic ca t ions  (Na , Ca , Mg , etc . )  remained i n  t h e  r e s i n ,  "She 

r a t e  of flow through t h e  column during so rp t ion  and e l u t i o n  w a s  36 mlPhr per  
2 2 c m  ; i n  washing wi th  water ,  i t  was 60 mllhr  per  cm . 

Sampling of f r a c t i o n s  took place  i n  a c o l l e c t o r  of t h e  Ultzozac ZKB 

company with 5 - 10 m l .  Only f r a c t i o n s  wi th  a l k a l i  pH gave a p o s i t i v e  reac t ion  

t o  ninhydrin. These f r a c t i o n s  w e r e  co l l ec ted  together  ( e lua te  I ) ,  and fed 

i n t o  column 11. Af te r  e l u a t e  1 passed through t h e  column, i t  was washed w i t h  

a 2 N  s o l u t i o n  of NH OH t o  remove unsorbed mate r i a l  ( t o  E(" < 0.02 a t  discharge 
4 

from t h e  column with X = 275 mm). Then t h e  column was washed with a small  
4- 

amount of water  t o  remove NH ions.  The e l u t i o n  was conducted by a 8, L N 
4 

s o l u t i o n  of HC1. The r a t e  of flow i n  so rp t ion ,  washing, and e l u t i o n  was 

90 ml/hr, 180 ml/hr, and 36 ml/hr, respect ively .  Fract ions  were removed by 

5 m l  i n  so rp t ion  and washing, and by 2 m l  i n  e lu t ion.  Fract ions  of she eluate 

giving a p o s i t i v e  reac t ion  t o '  ninhydrin were co l l ec ted  together ,  evapora"sld d 
dry on a r o t a r y  evaporator  at 40' C and were analyzed i n  t h e  ~nichrcinr" mino 

a c i d  analyzer of t h e  Backman company, Several  f r a c t i o n s  during t h e  passage 

a l s o  had a p o s i t i v e  ninhydrin reac t ion ,  

.The ninhydrin reac t ion  was c a r r i e d  out  by Moore and S t e i n  [23] .  

I n  i s o l a t i n g  amino acids  from green-blue barren  s o i l  deprived of 

organic  mat ter ,  a p o s i t i v e  ninhydrin reac t ion  could only be  noted by concen- 

t r a t i n g  t h e  f r a c t i o n s  t o  smal l  volumes. Fract ions  wi th  pH > 7.5 - 8.0 Q c o l u m  
. - 

1)  were concentrated,  a s  a ninhydrin - p o s i t i v e  r e a c t i o n  was observed only 

i n  f r a c t i o n s  wi th  a l k a l i  pH. I n  t h e  case  of column 11, q u i t e  a l a r g e  v a l m e  

of t h e  e l u a t e  w a s  concentrated t o  provide a s  much discharge. a s  poss ib le  from 

t h e  column of ninhydrin p o s i t i v e  compounds. 

(')E - e x t i n c t i o n  eoeff ic ier f t  . 
I 
1 



Regarding t h e  f i r e d  r i v e r  sand, a ninhydrin- s i t i v e  reac t ion  was not 9 
successful ly  detec ted  on t h e  paper even wi th  concentrat ion,  and s e l e c t i o n  of 

f r a c t i o n s  i n  t h i s  case was c a r r i e d  out  analogously wi th  previous experiments 

(black e a r t h  and green-blue barren  s o i l ) .  

Of t h e  e x i s t i n g  methods of desa l in iz ing  so lu t ions  ( g e l - f i l t r a t i o n ,  

d i a l y s i s ,  ex t rac t ion ,  use of polyacrylamide g e l s ,  e tc . )  a method was chosen 

i n  which t h e  d e s a l i n i z a t i o n  process is  conducted-in an ion-exchange r e s i n ,  
+ 

i n  p a r t i c u l a r ,  i n  a Dowex r e s i n  50 w x 4 (H ). This method i s  e f f e c t i v e ,  

simple, i t  does not demand heavy weights, which i s  espec ia l ly  important i n  

space s t u d i e s ,  and most important - i t  allows desa l in iza t ion  t o  be  cmbined 

wi th  p a r t i a l  p u r i f i c a t i o n  of t h e  amino acids  from impuri t ies .  

As i s  known, amino acids  can ca r ry  p o s i t i v e  a s  we l l  as  negative charges & 
depending on pH. This is  t h e i r  na ture ,  and it was used i n  t h i s  work i n  

cleansing t h e  amino acids  of o t h e r  components of t h e  s o i l  hydrolysate,  With 

a c i d i c  pH (1.5 - 2.0) a l l  t h e  carboxyl g r o w s  of amino acids  a re  nondissociLted 

(-COO- + H+ +- -COOH; pH < pK , where K = [COO-J - . T H ' ]  
1 a -- first 

+ ( ~ 0 0 f f J  
constant  of d i s soc ia t ion ,  [COO-], [H 1, [COOHI a r e  concentrat ions ; pKl of 

amino acids  l ies  wi th in  t h e  l i m i t s  3 .5 - 5.5), whereas amin grouDs a r e  
t 

charged ( d~~ + M -+ dH3 pH < pK2 where K2 = 7 - - /- g r l  

+ + - second constant  of d i s soc ia t ion ,  [NH2], [H 1, [NH3 ] 

pK of amino acids  l i e s  wi th in  limits 7 - 9). Therefore, a l l  amino acids are 2 + 
cat ions  and a r e  sorbed i n  cation-exchange r e s i n  Dowex 50 w (H ), exchmging 

wi th  ions  of hydrogen. A l l  n e u t r a l  and negat ively  charged mat te r  of t h e  hydro- 

l y s a t e  passes through t h e  column, not  being sorbed i n  t h e  r e s i n ,  and leaves 

t h e  column when i t  is cleansed wi th  water, For d k a l i  pH ( > lP.O), all 

amino a c i d s  a r e  charged negat ively ,  a s  amino groups a r e  no t  charged (pH :, pM 1, 2 
Therefore,  i n  Dowex anion-exchange r e s i n  P at  pH 11.7 a l l  amino acids  are 

sorbed, whereas ca t ions  and n e u t r a l  molecules are washed ou t  of t h e  colmn, 

I n  p a r t i c u l a r ,  amino sugars  (glucosamine and gdlactosamine), present  i n  the 

s o i l ,  pass through t h e  column. This is explained by t h e  p o s i t i v e  d n h y d r i a  



react ion observed i n  passing through column 11. Thus, i t  i s  poss ib le  t o  a 

considerable degree t o  pur i fy  amino acids  of impur i t ies  which i n t e r f e r e  wi th  

f u r t h e r  analys is .  

Data from amino acid  analys is  of b l a c k . e a r t h ,  green-blue barren s o i l  and /q 
r i v e r  sand a r e  given i n  t h e  t a b l e  ( i n  micromoles pe r  1 gram of sample). 

Bsic amino acids  were not  analyzed i n  r i v e r  sand, The absence of quanti- 

t a t i v e  c h a r a c t e r i s t i c s  f o r  ty ros ine  and phenylalanine i n  t h e  case of black 

e a r t h  is  due t o  t h e  s m a l l  content of th'ese amino acids  i n  t h e  hydrolysate i n  

comparison wi th  o t h e r  amino acids.  I n  converting micromoles t o  m i l l i g r m s ,  

w e  f i n d  t h a t  t h e  amount of amino acids  i n  black ea r th ,  barren  s o i l  and f i r e d  
- 2 

r i v e r  sand a r e  approximately 1, 2-10 , and 4*10-~ mg,,per gram of t h e  sample, 

respect ively .  / 

A s  can b e  seen from t h e  t a b l e ,  t h e  content of g lycine  and a lan ine  i n  the 

samples s tud ied  i s  much higher  than o the r  amino acids  ( i n  barren  soilL i t  i s  

18% and 24%, respect ively;  i n  black ea r th ,  about 22%). It i s  possiblle that 

p a r t  of t h e  g lycine  and a lan ine  a r e  products of t h e  d i s i n t e g r a t i o n  of o ther  

amino ac ids ,  both i n  t h e  s o i l  and i n  t h e  separa t ion process [13]. I n  a l l  the 

experiments conducted, a rg in ine  and tryptophan w e r e  absent.  P ro te in  mino  

acids  ( c i t r u l l i n e ,  o rn i th ine ,  e tc . )  whose presence i n  many s o i l s  and sedhents 

is  now considered d e f i n i t e l y  es tab l i shed  [ 6 ,  8, 131, w e r e  not  detected.  

Reproducibil i ty of t h e  r e s u l t s  of amino ac id  ana lys i s  from test ks t e s t  

w a s  good (va r ia t ions  i n  % of amino a c i d  content  usua l ly  d i d  n o t  exceed 

s e v e r a l  percent) .  

I f , i n  working wi th  black e a r t h ,  y e  found t h a t  t h e  impur i t ies  introduced 

i n t o  t h e  samples at  var ious  s t ages  of t h e i r  processing were not  s igmif icant  

because of t h e  high content of s o i l  organic matter, then i n  turning t o  green- 

b l u e  barren  s o i l ,  depleted of organic  matter ,  it was necessary t o  m a k e  eon- 

t r o l l e d  experiments t o  evaluate  poss ib le  impur i t i e s  of t h e  samples i n  fie 





process. For t h i s ,  r i v e r  sand, f i r e d  a t  900° C f o r  f i v e  hours was also used, 

Amino acid  analys is  of r i v e r  sand shows t h a t  t h e  amount of amino acid  i n  t h e  

hydrolysate of t h e  l a t t e r  is  only Q 1.5% of t h e  amount obtained from green- 
- 9 irr 

b l u e  barren  s o i l - t h a t  i s ,  approximately 3-10 M per  gram of sample, o r  on 

t h e  order  of 10-lo M of each amino acid  per  gram of t h e  sample. This roughly 
-10 

agrees wi th  d a t a  [ l o  - lo-'' MI  i n  evaluat ing poss ib le  impur i t ies  i n  studying 

t h e  amino acid  content of samples of lunar  s o i l  [ l l ,  12,  211. This eAdent ly  

i n d i c a t e s  t h a t  amino ac ids ,  de tec ted  i n l  green-blue barren  s o i l ,  are rrot pro- 

ducts  of contamination. 

A s  green-blue barren  s o i l  contains extremely l i t t l e  organic mat ter ,  m d  
5 t h e i r  microbiological  population is  never theless  q u i t e  high ( Q 10 per  g r m  

of air-dry s o i l ) ,  i t  can then be assumed t h a t  t h e  main p a r t  of separated 

amino acids  is  o r i g i n a l l y  contained i n  i n t r a c e l l u l a r  ma t te r  of microorgarrisnrs, 

- 9 The l e v e l  of s e n s i t i v i t y  of amino ac id  ana lys i s  i n  t h i s  work is 10 Me 

However, t o  analyze amino acids  i n  space research,  such s e n s i t i v i t y  is  hardly 

adequate [PI ,  12, 211. Therefore, f o r  amino ac id  ana lys i s  of samples s tud ied  

i n  t h i s  work, w e  used t h e  method of converting t h e  amino acids  t o  v o l a t i l e  

compounds wi th  subsequent ana lys i s  i n  a gas chromatograph ( s e n s i t i v i t y  o f  the 
-11 

method, 10 M) and adequate r e s u l t s  were obtained. Despite t h e  purely 

q u a l i t a t i v e  character  of t h e  ana lys i s  conducted, it can be s t a t e d  confidently 

t h a t  t h e  technique of separa t ing  and pur i fy ing amino acids  of impur i t i e s ,  

described i n  t h i s  work, is  completely acceptable f o r  subsequent e s t e r i f i c a t i o n  

and chromatographic analys is .  

Thus, i n  t h i s  work a method has been worked out  f o r  separa t ing m i n o  

ac ids  from s o i l s ,  concentrat ing them, and p a r t i a l l y  cleansing them of impuri- 

ties. This technique makes i t  poss ib le  t o  analyze amino acids  of samples in 

a gas chromatograph wi th  prel iminary e s t e r i f i c a t i o n  of t h e  separa ted  &no 

acids.  On t h e  b a s i s  of t h i s  technique and t h e  methods of  analyzing &no acids 

i n  a gas chromatograph, it is poss ib le  t o  create an automatic system which 
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